ABSTRACT
highly probable that in the future probiotics could help to decrease the risk of serious diseases and make their prevention and treatment more effective [9] .
Alginite is a sedimentary laminated rock occurring in oil shales that originated from biomass of fossil algae during several millions of years in volcanic craters [7] . Abundant deposits of alginite are located in Slovakia, close to the village Pinciná in Lučenec basin, or in Hungary in the village Pula, where it was discovered for the first time [4] .
Alginite is rich in amorphous organic matter and well preserved cells of green algae Botryococcus braunii [2] . Besides organic substances, alginite contains many macro-elements, e. g. P, K, Ca, Mg, and also a number of trace elements. The content of heavy metals in alginite (As, Cd, Pb, Ag, Cr, Se) does not exceed toxicity limits [8] . Owing to its Owing to the high specific surfac e of alginate, it can be used as a carrier of probiotic lactobacilli and serve, at the same time, as an important source of biogenic substances with immunomodulation properties.
The aim of this study was to investigate the influence of the administration of probiotic strain Lactobacillus reuteri and alginite on cellular immune response of SPF mice.
MATERIALS AND METHODS

Experimental design and animals
The experiments were carried out within the study: Stabilised on alginate throughout the experiment 10 8 CFU.ml -1 S. Typhimurium in BHI broth per os at a dose of 0.1 ml per mouse on day 7 after onset of administration of additives BHI broth -Brain Heart Infusion broth 6-7 mice per box, were fed ad libitum a complete mixed feed for mice Altromin 1311 (Altromin International, Germany) and they had unrestricted access to water. The experimental schedule is presented in Table 1 .
Characteristics of bacterial strains and their cultivation
In the experiment we tested probiotic, exopolysaccharides-producing porcine strain Lactobacillus reuteri 2/6. Inoculum for infecting the mice was prepared in BHI broth (BHI, Merck, Germany) at 37 °C from the night culture.
Collection of samples and preparation of lymphocytes
On day 14 post infection (day 21 of the experiment), samples of the peripheral blood were collected from the si- .
Phenotyping and phagocytic activity of immune cells
The cells were identified by means of direct labelling with monoclonal antibodies conjugated with fluorochromes (eBioscience, USA) in the following combinations: CD4/CD8a/CD49b and CD3/B220. Specification of the antibodies used is presented in Table 2 . The phagocytic activity was det-6B2ermined using the above mentioned flow cytometer and commercial kit Phagotest® (Orpegen Pharma, Germany).
Statistical analysis
Statistical analysis was performed by the one-way analysis of variance (one-way ANOVA) and Tukey test, using software GraphPad Prism. The level of significance was set to P < 0.05.
RESULTS AND DISCUSSION
In the experimental groups Alg, Alg + Sal, and Lab + Alg + Sal, we observed a significant increase in phagocytic activity and engulfing ability of phagocytes (phagocytic index). The highest phagocytic activity was recorded in group Alg + Sal and lower in the group with simultaneous administration of lactobacilli (Lab + Alg + Sal), which may be related to better clinical status of mice in this group (Fig. 1a) . The highest engulfing ability of phagocytes was observed in group Lab + Alg + Sal (Fig. 1b) . The induction effect of lactobacilli on phagocytic activity was reported in the study by P e r d i g ó n et al. [5] in which per os administration of L. casei significantly increased phagocytic activity of macrophages in mice. The immunostimulating effect of humic acids was also confirmed by H a b i b i a n et al. [3] , who observed dose-dependent potentiation of phagocytic activity of mononuclear cells in rats.
The significantly highest percentage proportion of CD4+ lymphocytes in the peripheral blood was observed in group Alg + Sal, and alginate itself significantly decreased this proportion in healthy animals in comparison with group NK (Fig. 2a) . In group Lab + Alg + Sal we recorded the highest number of both CD4 + CD8 + lymphocytes ( Fig. 2b) and NKT (CD49b and alginite infected groups in our study was significantly lower in comparison with alginite control (Fig. 2d) .
In mesenteric lymph nodes we observed a significant stimulation of cellular response in group Lab + Alg + Sal, which showed the significantly highest proportion of double-positive CD4 + CD8 + lymphocytes (Fig. 3a) , NK cells ( Fig. 3b ) and NKT cells (Fig. 3c) . The proportion of CD4 + lymphocytes was significantly increased in both infected groups (Fig. 3d) . The positive influence of lactobacilli on local immune response was observed also in the study by P e r d I g ó n et al. [6] , who also recorded an increase in CD4 + cells in the small intestine of mice after the administration of L. casei and L. plantarum. + a -significant difference compared to NK; b -significant difference compared to Alg; c -significant difference compared to Alg + Sal; * -P < 0.05; ** -P < 0.01; *** -P < 0.001
